Background In the late 1980s and early 1990s a generalized HIV epidemic affected Thailand which was relatively well controlled by an intensive national campaign by the mid 1990s. The extent to which the epidemic has slowed or possibly reversed the epidemiological transition in Thailand is relatively unknown.
Methods
Under-five mortality rates (U5MR) were determined from various sources and weighted least squares regression conducted to determine U5MR over the years 1980-2000. Direct and indirect estimates of the completeness of death registration were used to estimate mortality levels in those aged more than 5 years for the 1980-90 and 1990-2000 periods. Life tables were constructed using the various estimates to determine changes in life-expectancy between the two time periods.
Results

U5MR in
Thailand is estimated to have been 58/1000 live births in 1980, declining to 30 in 1990 and to 23 in 2000. The vital registration system clearly underestimates U5MR. Successive surveys of Population Change (SPC) imply coverage of death registration improving from 75-77% in 1985-86 to 95% in 1995-96, partly due to a reliance on self-reported registration in the latter survey. In contrast, the General Growth Balance-Synthetic Extinction Generations (GGB-SEG) method suggests coverage worsening from 78-85% in 1980-90 to 64-72% in 1990-2000. Life tables based on SPC adjustments show continued declines in female, and to a lesser extent, male adult mortality with corresponding increases in life-expectancy at birth of around 6 years for both sexes from 1980-90 to 1990-2000. In contrast, the indirect adjustments suggest a substantial increase in male adult mortality with female adult mortality unchanged; life expectancy decreased by 4 years for males and was only marginally higher in females.
Introduction
Epidemiological transition broadly describes the process of transition from a high mortality, infectious diseasedominated mortality regime to a low mortality, degenerative disease dominated regime. 1 Populations of Europe and of European origin passed through this transition in the first half of the 20th century. The majority of Latin American and East and Southeast Asian populations are in an advanced stage of transition, whereas much of Africa and South Asia are in earlier stages. Such transitions have tended to be thought of as irreversible. This perception is partly the result of descriptions of fertility changes in the 20th century, which have so far generally been irreversible, though sometimes incorporating pauses or temporary plateaus such as the 1950s baby boom in developed countries. Concerns about the adverse mortality effects of economic restructuring programmes in the 1980s, and the simultaneous emergence of HIV/AIDS, have led to the realization that the epidemiological transition might be halted. This has been well-documented in Eastern Europe over the past two decades, primarily as a result of increases in chronic disease and injury mortality, 2, 3 but also in Africa due to HIV/AIDS. [3] [4] [5] In extreme cases this may lead to the balance of disease shifting back from degenerative to infectious. Most national populations severely affected by the HIV epidemic are in sub-Saharan Africa but basic data in these countries (with the possible exception of South Africa) are inadequate to monitor the situation. One country where it can be wellstudied is Thailand, where basic demographic data have generally been judged to be of reasonable quality, [6] [7] [8] and an
HIV epidemic (though not of the magnitude of those affecting many countries of sub-Saharan Africa) affected the country in the 1980s and 1990s. Cause of death data from the Thai civil registration system, however, remain of questionable quality with a large proportion of deaths coded to ill-defined causes (28-36% over the period 1996-2000 with no discernable trend over time; author's calculations), and even those deaths with a defined cause may not always be correctly coded. 9 The objectives of this article are to review mortality statistics available for Thailand from 1980 to 2000 to evaluate, and as necessary adjust the data for shortcomings, and to use life tables for the periods 1980-90 and 1990-2000 in combination with patterns of deaths by age, sex and calendar year to describe the mortality reversal in Thailand in the 1990s. Understanding age-and sex-specific mortality rates can help in understanding the epidemiological transition as much as studying incomplete and uncertain cause of death data.
Data sources
Sources of data needed for monitoring mortality conditions at the national level are accurate records of deaths by age, sex and cause (normally from a civil registration system) and periodic censuses to provide estimates of exposure time in the form of person-years lived in each age-sex-time period. In countries where these sources are inadequate, alternative data collection strategies such as periodic sample surveys are often implemented to supplement conventional data.
Civil registration
Thailand has a long history of recording vital events, but surveys indicate that not all deaths are recorded, especially for young children. Some of the problems seem to be with the system itself. For example, there was a sharp decline for both male (13%) and female (11%) deaths from 1996 to 1997, followed by a sharp increase (males: 18%, females: 16%) from 1998 to 1999. Such sudden changes in mortality are implausible and most likely result from a breakdown in the processing of reported deaths; indeed, the process for death reporting was changed in 1996.
Population censuses
Recent Thai population censuses were carried out in 1980, 1990 and 2000. The 1990 and 2000 censuses collected information both on the number of children ever born and on surviving children of women of reproductive age (15-49 years), and these data provide a basis for the indirect estimation of under-five mortality levels and trends. sources were then matched, to identify those recorded by both and those recorded by only one system. Assuming that omission from one source is independent of the probability of omission from the other, the completeness of registration can be estimated-75-77% for deaths in the 1985-86 SPC. 11 The 1995-96 SPC used only the 3-monthly surveys, and estimated coverage of civil registration (95%) through a survey question as to whether each death recorded by the survey had been reported to the registrars. Both SPCs collected information on the number of children ever born and on surviving children of women of reproductive age (15-49 years).
Other sources
The 1987 Thailand Demographic and Health Survey (DHS) collected full birth histories, from which both levels and age patterns of child mortality can be estimated for the 15 years prior to the survey. 10 
Methods
Child mortality measurement (Hill 13 found that the direct estimates of IMR and 4 q 1 from the birth histories from the 1980 Survey of Fertility in Thailand and the 1987 DHS both followed the 'West' pattern closely.) To determine the level of child mortality in Thailand over time we use weighted least squares regression, the weights used for the various sources of child mortality are shown in Table 1 and represent judgements about the relative value of each source for estimating mortality.
Adult mortality measurement
Information about adult mortality is more limited than for child mortality. The two types of data available are registered deaths by age and sex from the civil registration system and the estimates of age-sex-specific mortality rates from the two SPCs. A summary indicator of registered (uncorrected) adult mortality, namely, the probability of dying between the ages of 15 and 59 years ( 45 q 15 ) is shown in Figure 1 , for the period 1980-2004. This clearly shows the major problem that affected the registration system in the years 1997 and 1998 as well as the impact of the HIV epidemic on male mortality, although the actual levels remain uncertain. The dramatic impact of the HIV epidemic on male mortality is further emphasized in Figure 2 , which shows ratios of mortality risk in each year from 1990 to 2002 to the average risk for 1985-89 for selected age groups. Whereas the risk ratios for males [ Figure 2a ] aged 5-14 years are largely <1.0, the ratios for males aged 15-24 years, 25-34 years, (especially) and 35-44 years rise steeply from 1992 until the late 1990s, to peak at about two to two and a half times their values in the late 1980s. For females [Figure 2b ], the effect is somewhat delayed, to about 1995, and is evident for the age groups 15-24 and 25-34 years with some indication of rising risks late in the period among 35-44-year-olds.
While the registered mortality from Figures 1 and 2 demonstrates the impact of the HIV epidemic on adult mortality, it may well underestimate or overestimate the extent of the epidemic due to differential levels of coverage of mortality over time. Unbiased estimates of age-specific mortality rates require that events (deaths) and exposure time (population at risk) be consistently recorded. A number of demographic methods have been proposed to evaluate (and under certain assumptions, to adjust for) the consistency of such coverage. [15] [16] [17] [18] These methods compare the age pattern of deaths with the age pattern of the population, a relationship determined by demographic regularities. The general growth balance (GGB) 17 and synthetic extinct generations (SEG) 15 methods are both appropriate for application to closed, nonstable populations. Hill 19 uses simulations to show that the GGB methods are more sensitive to possible errors in age reporting than the SEG methods, whereas the SEG methods are much more sensitive to any changes in census coverage. He suggests a two-stage process, by which the GGB method is applied first to estimate any change in census coverage, and the SEG method is then applied to data after adjusting the census numbers for possible coverage change. 19 We use the GGB and the SEG, as well as the two-stage GGB-SEG combined procedure to assess the completeness of the mortality registration system. All three methods require census data for the start and end of the period being studied. Since we do not have such information after the 2000 census, we cannot assess coverage of registered deaths beyond 2000.
Results
Child Mortality Table 2 and Figure 3 summarize the available estimates of child mortality. The second and third columns of the table show the IMR and U5MR derived from civil registration by year. The registered IMR declined steadily through the 1980s, falling from about 13/1000 live births around 1980 to around 8 by 1990, an annual rate of decline of almost 5%, and continued to decline to around 6/1000 by 2000, an annual rate of decline of <3% (reaching a very low level of 4/1000 in 1997). Although the trends in the IMR look plausible over the entire period, the levels are suspiciously low, lower than the corresponding rates in the United States for example. The trend in the recorded U5MR is rather different, and the levels somewhat higher: a rapid decline from 1980 to 1990, of over 7% per annum, but no clear trend in the 1990s, stabilizing at around 10/1000. The large differences between the IMR and the U5MR are most plausibly explained by a large under-registration of infant deaths relative to those occurring between the ages of 1 and 5. The indirect U5MR estimates from the 1990 and 2000 censuses are shown in columns 3 and 4 of Table 2 . The points reinforce the trend from civil registration of gradual decline in the 1980s followed by a period of little change in the 1990s. 
Adult mortality
Plots of entry minus growth rates against death rates for population segments aged !5 and !80 (the GGB method) are shown in Figure 4 for the 1980-90 intercensal period and Figure 5 for the 1990-2000 intercensal period. Summary results from the application of the method are shown in Table 3 . The GGB points fit straight lines quite closely, indicating that the assumptions underlying the methodology are not seriously violated (Figures 4 and 5) . The straight line fit is particularly good for the 1990-2000 intercensal period; the 1980-90 relationships have clear distortions at the points for lower death rates (open-ended age segments starting at younger ages), possibly reflecting some net international migration at these ages. Table 4 summarizes the estimated coverage of vital registration from the indirect GGB, SEG and GGB-SEG combined applications as well as the direct mid-decade estimates from the two SPC surveys. There is substantial difference between the 1985-86 SPC estimates of coverage (75-77%) and the indirect GGB estimates (85-91%). The SEG estimates of completeness for the 1980s as a whole (106-115%) are clearly implausible. This is largely due to differences in what is being measured. The SPC 'dual record' methodology aims to estimate absolute coverage, whereas the GGB and SEG methodology estimate coverage of deaths relative to census coverage. The GGB intercepts in Table 3 indicate that the 1980 census was less complete than the 1990 census (accounting for the high SEG estimate of coverage for the 1980s), which in turn was slightly less complete than the 2000 census. The GGB and SEG methods are therefore measuring completeness of death recording relative to incomplete censuses, and thus give higher estimates than the 1985-86 absolute estimates. The combined GGB-SEG method produces estimates more in line with the direct 1985-86 SPC.
The SPCs suggest coverage of death registration improved to 95% by 1995-96. In contrast, the indirect methods show a substantial worsening of death registration coverage with estimates ranging from 64% to 72% for the 1990s. There are a number of reasons for this. The 1995-96 SPC is likely to have over-estimated coverage as it relied on self-reported death registration rather than using a dual estimation methodology to estimate coverage as used in the earlier 1985-86 survey. 20 The 1995-96 SPC would also not have captured the major system problems evident in 1997-98 (Figures 1 and 2) . Importantly, even if the time period for the 1995-96 SPC had included the 1997-98 system problems it is likely that these would not have been picked up due to the reliance on self-report, as these system problems are more likely to have been due to data collation issues rather than individuals not registering deaths. Life tables and epidemiological transition in Thailand, 1980-2000 Based on both the registered, uncorrected data with subsequent corrections using the coverage estimates from both the direct SPCs and indirect techniques using the GGB and combined GGB-SEG methods (Table 4) , we have constructed life tables for the two intercensal periods 1980-90 and 1990-2000. U5MR estimates were derived from the registered (uncorrected) data, direct mid-decade SPC estimates and predicted U5MR (Table 2 and Figure 3 ). Table 5 summarizes the key mortality indicators. Registered, uncorrected adult mortality ( 45 q 15 ) shows a 4% increase for males from the 1980s to the 1990s, and a 15% decrease for females. It is important to note that this, and all the other estimates in Table 5 , are decade averages: the true impact of the HIV epidemic on Thai males was substantially greater given that there was a large decline in 45 q 15 during the 1980s, followed by a rise and fall in the 1990s (Figures 1  and 2 ). Despite the increase in male adult mortality risk, male expectation of life at birth based on registered, uncorrected data increased by 1.4 years from the 1980s to 1990s; female expectation of life at birth increased by 2.6 years [ Table 5 ; Panel (a)]. The increases in life expectancy are partly the result of declining mortality in childhood, and partly an artefact of the system problems that affected death registration at all ages during the 1997-98 period (Figures 1 and 2) .
Adjusting the 1980s and 1990s decennial registered deaths by the direct SPC estimates of death registration coverage would imply a 15% decrease in adult mortality for males from the 1980s to the 1990s, and a 30% decrease for females; male expectation of life at birth was 6 years higher for males and 7 years higher for females in the 1990s than in the 1980s [ Table 5 ; Panel (b)]. Clearly this adjustment approach is problematic, as the 1995-96 SPC survey estimates of vital registration coverage would not have captured the system problems in 1997-98 (Figures 1 and 2) and would underestimate mortality for the 1990s. These estimates, however, are similar to the official SPC estimates of life expectancy at birth for the mid-decade years for males of 63.8 years for 1985-86 and 69.9 years for 1995-96, although quite different to the SPC survey estimates for females of 68.9 years for 1985-86 and 74.9 years for 1995-96. 21 The adjustments using the indirect methods suggest that male 45 q 15 increased by 33-35% from the 1980s to the 1990s, while the female value remains essentially unchanged; male expectation of life at birth was around 4 years lower in the 1990s than in the 1980s; female expectation of life at birth increased by only 0.1-0.2 years [ Table 5 ; Panels (c) and (d)]. This is despite significant declines in U5MR over the same time period.
Discussion and implications for the Thai health system
These conflicting estimates hinder a definitive assessment of mortality change in Thailand between 1980 and 2000. While the unadjusted data indicate that there was some reversal of the epidemiological transition in Thai males and a slowing in Thai females, the SPC surveys suggest little or no impact with continuing and substantial improvements in both male and female life-expectancy. The male life expectancy increases suggested by the SPC surveys (6.1 years from the 1985-86 to 1995-96 survey), however, are unlikely given that a generalized HIV epidemic affected the male population over this period. The change in the method of determining completeness of death registration in the 1995-96 survey has clearly obscured a true assessment of coverage over time. If, on the other hand, the indirect adjustments are true, the HIV epidemic has had a devastating effect with a major reversal in males, and a slowing in females, of the epidemiological transition in Thailand. Our analysis suggests that child mortality decline appears to have slowed but not stopped in the 1990s, while the mortality of young adults, first males and then females increased by 200-300%, implying a dramatic interruption of epidemiological transition in the 1990s. Without any data adjustment, the HIV epidemic increased mortality rates of Thais in their 20s and 30s by two to three times. Using the indirect method to adjust for undercount of deaths, these mortality rates and their impact on life-expectancy are dramatically greater. If these indirect adjustments are correct, these represent very substantial increases in adult mortality over a very short period and the magnitude of this increase may not be adequately reflected in the life tables for Thailand published by international agencies such as the United Nations and the World Bank.
These observations are consistent with other studies of the Thai HIV epidemic which suggest a rapid increase in new HIV infections largely due to commercial sex, peaking in the late 1980s, and early 1990s, which was relatively well-controlled with an aggressive national campaign by the mid-1990s. 
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While we have emphasized the role of the HIV epidemic on young adult mortality in the 1990s, mortality increases at these ages are also likely to have been partly driven by a rise in road traffic deaths, due to increased motorization that accompanied economic development over this period, 27 and inadequate prevention measures. Thailand is a good example of a country where health policy is responsive, flexible and effective. This is very well-illustrated by the HIV/AIDS epidemic, where preventive measures have limited the spread of the epidemic. [22] [23] [24] [25] [26] These policy responses have led to a generalized decline in young adult mortality from HIV since the late 1990s, and this is expected to continue. In part, the urgency of policy responses to control the HIV epidemic in Thailand was highlighted by mortality trends evident from the vital registration system. Reliable, relevant and timely data on the level and cause pattern of mortality are crucial to guide policy responses to protect and promote population health. Careful application and interpretation of demographic principles and methods permits correction of registered mortality data for undercount of deaths, and thus greatly increases their utility for public health purposes. The mid-decade SPCs proved particularly useful in our analysis for determining levels of infant and child mortality; the evidence above suggests, however, that the SPC should return to its 'dual record' system of evaluating coverage of deaths, used in the 1980s, rather than the simpler assessment of vital registration coverage based on household reports of registration used in the 1990s. This is being implemented in the current SPC for 2005-06. While these methodological 'fixes' can help to provide a better understanding, conflicting estimates of vital registration coverage in the 1990s preclude a more definitive assessment of mortality changes and the actual impact of the HIV epidemic in Thailand during this period. If there has been a real decline in adult mortality registration, as suggested by the indirect methods, then this is of major significance for the Thai health system and the reasons for this need to be carefully understood and addressed. Better registration of infant and child deaths is also clearly needed.
In addition to improving coverage of mortality registration, the system for assigning cause of death also requires further development if public policy is to more appropriately respond to the emerging public health challenges, particularly from chronic diseases and injuries. [27] [28] [29] [30] [31] With the significant gains in reducing child mortality in Thailand over the past few decades, public health efforts are increasingly being orientated towards controlling diseases such as ischaemic heart disease, stroke, cancer and chronic lung disease, which largely affect adults and which, if unchecked, can lead to reversals in mortality decline similar to what has been observed from HIV/AIDS. [2] [3] [4] A key component of the evidence base to inform policy responses to these public health challenges is a reliable, timely information system on the causes of all deaths. In parallel with increased efforts to improve the coverage of mortality registration, research is urgently required to evaluate the quality of cause of death data and to suggest measures to strengthen systems for correctly diagnosing deaths, and thus more appropriately informing policy action to hasten the epidemiological transition in Thailand.
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